The systematic identification and determination of many kinds of pesticides are attempted by a combination of column, thin-layer and gas chromatography. About one hundred pesticides were classified into six divisions and twenty two groups by thin-layer chromatography (tlc). In order to apply this systematic method of separation to the determination of pesticide residue in crops or soils, etc., the authors try to divide the pesticides into six fractions corresponding to the above divisions by column chromatography instead of tlc. Here, twelve pesticides in the Fifth were eluted from a column. That is, linuron, CPMC, and ACN were eluted into fractions III and IV, while MPMC, MTMC, simazine, propoxur, diphenamid, carbaryl, propanil, and dimethachlone were into fractions IV and V; chlorthiamid was mostly into fraction VI. These pesticides were separated from each other and determined by GC with ECD and FID, after being divided into three groups by thin-layer chromatography (tlc). Most of these pesticides were recovered more than 80%. Sixteen pesticides in the Sixth also were separated from each other and determined in the same procedure as described above. The majority of these pesticides were recovered over 75% through the whole procedure. Furthermore, the method for the systematic separation and identification of pesticides in the First to the Sixth is arranged in the schematic diagram.
INTRODUCTION
matography is time-consuming as regards finding suitable conditions of development to separate pesticides in the extract into several fractions. Therefore, in a preliminary trial, about one hundred pesticides were classified into six divisions and twenty two groups (subdivisions) by tlc.3 Namely, pesticides which located above c -BHC or DCPM on a tic plate developed with hexane-benzene (7:3), belong to the First Division. Those at the region between x-BHC or DCPM and dichlone on the plate; developed further with the same solvent; belong to the Second. Except for pesticides in the First and the Second, those above captafol on the plate developed with hexane-benzene (7:3) twice and acetonebenzene (1:39) once, belong to the Third. Except for pesticides in the First, the Second and the Third, those above linuron, at the region between linuron and thiophanate, or below thiophanate on the plate developed with hexane-benzene (7:3) twice, acetone-benzene (1:39) once, and hexane-dioxane (3:1) twice successively, belong to the Fourth, the Fifth and the Sixth, respectively.
Groups were classified according to the conditions of development under which a mixture of pesticides in each division were well separated into a few parts by tic.
Thus, a pesticide always belongs to one division and one group.
Organochlorine pesticides were in the First and Second Divisions, diphenylether herbicides in the Second and Third, carbamates and triazine herbicides in the Fourth and Fifth, and phenoxy herbicides in the Sixth. Organophosphorus pesticides were in all divisions except in the First.
At present, the authors are attempting to divide one hundred pesticides into six fractions corresponding to the above divisions by column chromatography instead of tic, and furthermore to separate the pesticides in these fractions from each other by a combination of tic and GC, to establish the systematic identification and determination of many kinds of pesticides in a sample having an unknown or incomplete history of treatment.
This paper describes the separation and identification of pesticides in the Fifth and Sixth Division.
MATERIALS AND METHODS

Compounds
The purified compounds listed in Tables 1  and 3 by common and the other names,* were supplied by manufacturers.
Silica Gel for Column Chromatography
Particles from 80 to 200 mesh were prepared from Mallinckrodt's silicic acid (100 mesh) by removal of fine or coarse particles through a sieve. They were thoroughly washed with methanol, before activated by 130C for over 24hr. They were taken out of an oven just prior to use.
Dooxane
As in the previous paper.2 4 . Tic and GC Tic plates were developed with methanol before activated in an oven. The others were described in the previous paper. 2 Cotton and glass wool were thoroughly cleaned up with methanol before use.
RESULTS AND DISCUSSION 1. The Fifth Division 1.1 Procedure
The procedure was as follows; A cotton-wool plug was placed in the bottom of a chromatographic tube (1.5 X 30cm) to support a column. Fifteen grams of silica gel was added to the tube and the column was tapped gently with a hand. Appropriate amounts of the twelve pesticides shown in Table 1 were mixed thoroughly with 2.0g of inactivated silica gel and transferred quantitatively to the tube, and then a glass wool plug was pressed down firmly on the surface of the sample with the aid of a glass rod. The column was developed successively with 150ml of hexane-benzene (9:1), an equal amount of hexane-benzene . However, linuron, CPMC and ACN were partly eluted into fraction III, while chlorthiamid partly into fraction VI as described below. Each eluate was evaporated to a few milliliters under reduced pressure, and then diluted with hexane. The appropriate volumes of these solution were directly injected into a gas chromatograph under the condition D in Table 2 , for the determination of diphenamid, propanil, dimethachlone and ACN. Next, pesticides in these solutions were further divided by the method for separation into each group of the Third,4 the Fourth2 and the Fifth Divisions (Fig. 1) at the plates was scraped off, and eluted into ground stoppered test tubes with acetone. Each solution was reduced to about 1ml, followed by addition of hexane. Linuron at group 1 of the Fifth was directly determined by an OV-17, or a XE-60 column, while MPMC, MTMC and simazine were after the treatment with a TFA reagent.2 Pesticides at groups 2 and 3 were also, directly or after the treatment with a TFA reagent, injected into a gas chromatograph. Of pesticides which were partly eluted into fraction IV, propanil and dimethachlone were located at the region of group 5 of the Fourth on the tic plate. They were determined under the condition D (Table 2 ). Linuron and ACN at the region of group 4 of the Fourth were directly injected into a gas chromatograph on an OV-17 column, while MPMC, MTMC and CPMC were after the treatment with a TFA reagent (Fig. 2) . Linuron, CPMC and ACN also were partly eluted into fraction III, and located at the region of group 4 of the Third on the tic plate. But they were determined by an OV-17 column, as described previously. Chlorthiamid was mostly eluted into fraction VI and located at the region of group 1 of the Sixth on the tic plate.
The total amount of each pesticide in these fractions was in agreement with the content of the pesticides in a sample.
Column chromatography
The developing solvent to elute the pesticides in the Fourth from a column was described in the previous paper.2 In the same manner as described for the First, the Second and the Third Division,4 the mixture of hexane and dioxane was used as a developing solvent. Simazine and propoxur in the Fifth, which eluted slowly from a silica column, were used to examine the condition of development.
These pesticides were eluted from the column, with 200ml of hexane-dioxane (9:1), 154ml of hexane-dioxane (85:15), 70ml of hexanedioxane (8:2), or 30ml of hexane-dioxane (5:3). The higher the ratio of dioxane in a developing solvent, the more difficult the separation of pesticides in the Fifth from those in the Sixth. Therefore, 200ml of hexanedioxane (85:15) was a developing solvent to elute pesticides in the Fifth from the column.
The elution behavior of pesticides in the Fifth from the column was shown in Table 1 . It was slightly altered by experimental conditions, e. g., the degree of packing of the stationary phase, the flow rate of solvents. However, pesticides in the Fifth were practically eluted into two or three fractions from the column. When ACN in an acetone solution was allowed to stand for a long time, it degraded partly.
The degradation compound was Table 1 Results of elution from a silica column. (Recovery %) eluted from the column into fractions V and VI. This compound was not identical to dichlone or monochloronaphthoquinone, had a similar retention time to ACN on an OV-17 column. Under this condition, chlorthiamid also changed partly into dichlobenil, which was eluted from the column into fraction II.
Tic
The pesticides in fraction V were divided into three groups by tic (Fig. 1) . Each spot was detected under UV irradiation. A mixture of linuron, diphenamid, ACN and chlorthiamid was placed on the side of a plate to provide markers.
Pesticides of three groups were separated from each other, except for MTMC at the positions of both groups 1 and 2. Since the majority of pesticides in the Fifth also were eluted into fractions III and IV, the behavior of them on grouping with the pesticides in the Third and the Fourth was examined by tic under the condition described in the previous papers.2)4 Of pesticides eluted into fraction III, linuron, MPMC, MTMC, CPMC and ACN were at the region of group 4 of the Third on the tic plate. Of pesticides eluted into fraction IV, propanil and dimethachlone were at the region of group 5 of the Fourth on the tic plate, while ACN was located at the positions of both groups 4 and 5; the others were at the region of group 4 on the tic plate. Prometryne, propazine and atrazine in the Fourth were partly eluted into fraction V. However, they did not hinder the determination of pesticides in the Fifth because of their location above the marker-linuron.
GC
Retention times and sensitivities of pesticides in the Fifth were presented in Table 2 . Linuron at group 1, diphenamid and propanil at group 2, and pesticides at group 3 were directly separated from each other by an OV-17 column under the condition D. Chlorthiamid must be determined at a lower temperature because of its short retention time. The other pesticides were able to be determined under any condition of A, B or C. Dioxane sometimes hindered the determination of CPMC and propoxur when it was used as a developing solvent in column chromatography without distilation. 1.5 The elution of pesticides in the Fifth into fraction III Linuron, MPMC, MTMC, CPMC, ACN and dimethachlone in the Fifth were partly eluted into fraction III from the column. About five percent of dimethachlone was located at the region of group 5 of the Third on the tic plate, while the others at group 4 ( Table 1) . Furthermore, captan, captafol, terbam, carbanolate, MIPC, XMC and TCI-65 in the Fourth also were partly eluted into fraction III from the column and located at the region of group 4 on the tic plate. However, dithianon-only a pesticide at group 4 of the Third-was sufficiently separated from these pesticides eluted into fraction III, by GC because of its long retention time. That is, among pesticides in the Fourth and the Fifth which were partly eluted into fraction III from the column and located at the region of group 4 on the tic plate, eight carbamates were injected into a eluate of fraction III, IV and V was concentrated, and divided by the method for separation into the groups of each division by tic. The band of group 5 in the Third was scraped off from the tic plate and eluted with acetone to determine thiophan ate, followed by elution of sodium bicarbonate saturated acetone-methanol (1:1). The acetone eluate was concentrated and successively developed 15cm with hexane-benzene (7:3) twice, acetone-benzene (1:39) once, and hexane-dioxane (3:1) twice by tic. Thiophanate in the silica plate was eluted with methanol and determined from the absorbance at 269nm. Then, silica bands from the origin to each marker-captafol and chlorthiamid-on plates were scraped off to be eluted with the above mixed solvent. These eluates of the mixed solvent were added to fraction VI, and nearly evaporated to dryness, followed by being divided into three groups of the Sixth (Fig. 3) . The band of group I was scraped off to be eluted with acetone. After this acetone solution was evaporated to a few milliliters, an adequate amount of hexane was added.
About 2l of the hexane solution was injected into a gas chromatograph for the determination of diuron. Part of the hexane solution was silylated by the previous methods to analyze chloramphenicol under the condition of Table 4 , the rest was treated with a TFA reagent2 and chromatographed to determine monuron. 1-Naphthylacetic acid in the band of group 2 was eluted with 0.1N-ammonium hydroxide and determined from the difference in two absorbances between at 223nm and at 243nm. 6 The band of group 3 was scraped off to be eluted with sodium bicarbonate saturated acetone-methanol (1:1), which was transferred into a 10ml ground-stoppered test tube after the mixed solvent was concentrated to a few milliliters. The solvent in the tube was completely evaporated to dryness under a nitrogen jet. Then, 0.1ml of ethylene chlorohydrin-boron trifluoride (9:1) was added to the tube. The tube was stoppered and heated at 100C for 10 minutes. After cooling, 5ml of hexane was added to the tube. The whole solution was immediately washed with 3 x 3ml of distilled water, then dried over anhydrous sodium sulfate, followed by injection into a gas chromatograph under the condition of Table 4 . Since dicamba and mecoprop were not separated from each other by GC, they needed to be confirmed in the following experiment. Part of fractions IV and V were developed 15cm with a mixture of ethylacetateisopropylalcohol-25% ammonium hydroxide (9:7:4), by tic. The development distances of mecoprop and dicamba, respectively, were 7.2cm, 6.6cm from the origin. These bands were scraped off to be eluted, and these pesticides were confirmed by GC after the treatment with a chloroethyl reagent. For the determination of amitrole, 6ml of aqueous eluate from the column was transferred into a 10ml ground-stoppered test tube, and added with successive, 3ml of sulfuric acid (3+1) 0.5ml of 0.5% sodium nitrite, and set aside for 10 minutes, in addition, with 0.5ml of 5% sodium sulfamate. The tube was stoppered and shaked for 2 minutes. Then, one-half milliliter of 1% N-(1-naphthyl) ethylene diamine dihydrochloride was added into the tube. Five minutes later, the absorbances of the sample and blank solutions were measured against water at 455nm by spectrophotometry. Amitrole in aqueous eluate was determined from the calibration curve.
Column chromatography
After the elution of developing solvents from fraction I to fraction V, the column was developed with 200ml of acetone to elute such pesticides in the Sixth as phenoxy and urea herbicides. Amitrole was eluted further with 100ml of water from a column. The elution behavior of pesticides in the Sixth from the column was shown in Table 3 .
Tlc
The eluate from the column was divided into three groups by tlc (Fig. 3) . Each spot was detected under UV irradiation. A mixture of monuron, and 1-naphthylacetic acid was placed on the side of a plate to provide markers. Chlorthiamid was partly eluted into fraction VI and located at the region of group 1 of the Sixth. However, when an amount of chlorthiamid was less than 20g, it was sometimes decomposed through the procedure and eluted into fraction II from the column. As shown in Table 3 , the pesticides in the Sixth were eluted into various fractions from the column. Thiophanate, mecoprop, f enoprop and 2, 3, 6-TBA-eluted into fraction III-were located below dithianon (a marker). 1-Naphthylacetic acid, mecoprop, MCPA, dicamba, 2, 4, 5-T, fenoprop and 2, 3, 6-TBA-eluted into fraction IV-were located below captafol (a marker). Of the pesticides eluted into fraction V, 1-naphthylacetic acid and mecoprop were located at the positions of both groups 3 and 4 in the Fifth, the other pesticides were below the marker-chlorthiamid. In this manner, when pesticides in fractions III, IV and V were divided into the regions of each group of the divisions corresponding to these fractions by tlc, the majority of pesticides in the Sixth were developed below each marker-dithianon, captafol or chlorthiamid-on the tlc plates. Therefore, pesticides in the Sixth did not interfere with Table 3 Results of elution from a silica column.
(Recovery %) a) As detailed descriptions were given in the determination of pesticides in Divisions III, IV and V, and also were sufficiently recovered when the eluates from the bands below these markers on plates were added into fraction VI.
2.4GC
Retention times and sensitivities of pesticides in the Sixth were presented in Table 4 . Of pesticides at group 1, only diuron produced one peak in a gas chromatogram under the condition D. When pesticides of group 1 were treated with a TFA reagent, followed by injection into a gas chromatograph under the condition of Table 4 -e), thiophanate produced no peak, diuron had one peak at 3.5min, monuron at 3.2min and 1.4min, and chloramphenicol at 16.9min. Monuron was determined by the peak at 1.4min. When pesticides of group 1 were silylated and chromatographed under the condition of Table 4 -g), thiophanate and monuron produced no peak, diuron had one peak at 0.8min, and chloramphenicol gave a sensitive peak at 22min. Chloramphenicol was determined by the height of this excellent peak. Propanil, dimethachlone and ACN which were partly eluted into fraction IV from the column, and most of chlorthiamid in the Fifth, were sometimes located at the region of group 1 of the Sixth. These pesticides were determined by GC under the condition D (Table 4) , without interference by the pesticides of group 1 in the Sixth. Even in cases where the confirmation of chlorthiamid was sometimes hindered by the degradation product probably derived from diuron or chloramphenicol under the above condition, chlorthiamid was determined by GC under the condition A (Table 4) .
Thoophanate was, directly or after the preparation of various derivatives, injected into a gas chromatograph, plowever, it produced no peak. Then, it was cleaned up by 1k, followed by the measurement with ultraviolet spectrophotometry.
1-Naphthylacetic acid was chromatographed after the preparation of various derivatives, but the reproducibility of these methods were poor, owing to the observation of many peaks in GC. It also was determined by ultraviolet spectrophotometry. Table 4 On account of giving no peak in GC, amitrole in the water eluate from the column was determined as its diazo-derivative by spectrophotometry. Pesticides at group 3 except for amitrole were, after the preparation of chloroethyl derivatives or methyl derivatives, injected into a gas chromatograph. Mecoprop and dicamba were not separated from each other by GC. They need to be separated by tic, and confirmed as described above. Naptalam and 4-chloro-2-hydroxymethyl phenoxy acetic acid were separated from each other, and determined under the condition A or B (Table 4) . 
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